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),$+12!8E#!c#,$H8E,#9E$%2!-)%+#C!'12'()8'1&!7'1'7)%!Q')9!)12!)1!'1-#,9#!,#%)8'$19E'L!V'8E!8E#!9)7L%'1&!
1+7Q#,!(!:%),&#,!9+QH9)7L%#9!$//#,!)!Q#88#,!,#L,#9#18)8'$1!$/!8E#!L$98#,'$,!2'98,'Q+8'$1!,#2+('1&!Q')9!
$/!)LL,$@'7)8#%.!$1#!$,2#,!$/!7)&1'8+2#!(/,S!5$V9!K!)12!J!$/!4)Q%#!K!'1!8E#!5?!/'#%2!$,!dKIe!$/!8E#!
=?9<S!_$-#,)&#!,)8#9!$9('%%)8#!Q#8V##1!)!7'1'7+7!$/!ISJB!)12!ISA]!V'8E!)!8$8)%!$/!A!()9#9!V'8E!#'8E#,!
#`+)%!$,!E'&E#,!_59!8E)1!8E#!1$7'1)%!-)%+#S!O%%!8E#9#!,#9+%89!),#!#'8E#,!$Q8)'1#2!V'8E!L77!$,!1$,7S1$Q!
'7L+8)8'$19S!!

4E#!%),&#98!O^!Q$+129!),#!/$+12!'1!8E#!98)12),2!,#&,#99'$1!'7L+8)8'$19!:%)98!8E,##!,$V9!$/!4)Q%#!K<!
'12'()8'1&! ($7L%#8#! /)'%+,#! $/! 8E#9#! 9$%+8'$19! :(%$9#! 8$! '1/'1'8#! $,! +1,#)%'98'()%%.! %),&#!Q$+129<S! 4E#!
1),,$V#,!O^!),#!'198#)2!),$+12!KS]F!2$V1!8$!)!7'1'7+7!$/!IS]A!)7$1&!8E#!8$L!A!()9#9C!V'8E!$L8'7)%!
=?9!dFe!$,!97)%%#,S!O^!V#,#!+9#/+%!8$!)99#99!8E#!98)8'98'()%!#//'('#1('#9!)12!9E$V#2!8E)8!L77!'9!8E#!
7$98!)LL,$L,')8#!VE#1!7'99'1&!'1/$,7)8'$1!'9!2'98,'Q+8#2!)(,$99!)%%!-),')Q%#9!:9##!0'&+,#!]!'%%+98,)8'1&!
-),'$+9! #@)7L%#9! $/! 9.18E#8'(!3G! 2'98,'Q+8'$19! )(,$99! 8E#! ($19'2#,#2! -),')Q%#9! -KH-X! ,#L,#9#18'1&!
'1($7L%#8#! &,)2#! )12! 8$11)&#! 2)8)<S! *8$(E)98'(! ,#&,#99'$1! '7L+8)8'$1! '9! E$V#-#,! 8E#! Q#98!
7#8E$2$%$&.!/$,!()9#9!V'8E!)!9'1&%#!-),')Q%#!)//#(8#2!Q.!7'99'1&1#99S!G/!V#!($19'2#,!8E#!8.L#!$/!3G!:)9!
#@L#(8#2<! %$V#,! Q')9#9! V'%%! $((+,! '1! 8E#! 7$98! ($7L%#8#! 2)8)! V'8E! #'8E#,! 3O5! $,! 3_O5! 8.L#!
7'99'1&1#99S!!
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O1$8E#,! 9#8!$/! 9'7+%)8'$19!($19'2#,#2! 8E#! '7L,$-#7#18!$/!7$2#%%'1&! ,#9+%89! '1!()9#!$/!3MO5!8.L#!
2)8)S! 5#(#18! ,#9#),(E! '12'()8#2! 8E)8! '/! )LL,$L,')8#! ($,,#(8'$19! ),#! )LL%'#2! '1! 8E#! /'1)%! L),8! $/! 8E#!
V$,T/%$V!8E'9!($+%2!L,$-'2#!)!(%$9#,!/'8!8$!8E#!$,'&'1)%!($7L%#8#!()9#!2)8)!:#S&SC!2)!*'%-)!)12!_$98)C!
JIKA<S!4E#9#!9'7+%)8'$19!'1(%+2#2!)1!)99#997#18!$/!Q')9!:0'&+,#9!Y!)12!A<!8$!#-)%+)8#!8E#!-),')8'$1!'1!
7$2#%!/'8C!2#L#12'1&!$1!8E#!)%&$,'8E7!$/!(E$'(#S!0'-#!2'98'1(8!7#8E$2$%$&'#9!V#,#!+9#2!V'8E!3MO5!
8.L#!9'7+%)8'$19S!!

!

)*23.'$]F$R:G0<RG0<RXG0$7*83+;1*-(7$-B$7E(19'1*6$RZ$A*71.*I31*-(7F$0'A$&*Y'+7$*(A*6;1'$7E(19'1*6$RZ$A*71.*I31*-(7$*($19'$
G3$A;1;$B.-8$N+*77$>JKKO?$L*19$A;./'.$2.'E7$*(A*6;1*(2$19'$9*29'71$C;+3'7$-B$1-((;2'$>C4?@$G3$2.;A'$>CJ?$;(A$G2$2.;A'$>CP?F$
^;1;$8;1.*6'7$.'&.'7'(1$;$P$C;.*;I+'7$8-A'+$L*19$JP$7;8&+'7$6-..'7&-(A*(2$1-$19'$(38I'.$-B$A'&-7*17$>';69$&*Y'+$.'&.'7'(17$
;$7;8&+'[$19'$A;1;$;.'$7-.1'A$IE$1-((;2'?F$V*Y$7*83+;1*-(7$>*($';69$RZ@$R:G0@$RG0$;(A$RXG0?$L'.'$2'('.;1'A$1-$;66-3(1$
B-.$19'$C;.*;I+'$&.-&-.1*-($-B$RZ$>G@$N5$4K<4S_@$:@$^5$PS_@$\@$)5$SS<TK_$-B$RZ?$;(A$6-(7*A'.$7*(2+'$>1;.2'1?$C;.*;I+'$>G<:<\?$
;(A$6.-77<C;.*;I+'$6;7'7$>N@$^@$)?$L*19$RZ$A*71.*I31'A$*($;++$C;.*;I+'7F$
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!
!

A final step of experimentation considered a comparison of imputation methods against listwise deletion 
to evaluate the difference in Ag grade estimates (see Figures 10, 11 for further details on the results). $

";I+'$4F$V388;.E$-B$7*83+;1*-($.'73+17@$1-&$.-L7$>(.-L$`$PK?$L*19$+'77$19;($4K_$I*;7$*(6+3A'A$>A;1;$7-.1'A$IE$:0$`$6-C'.;2'$
.;1'?F$"-1;+ (38I'.$-B$'Y&'.*8'(17$('$`$4KU$L*19$V*8$X$`$4KK@$6-..'7&-(A*(2$1-$;$1-1;+$-B$4K@UKK$7*83+;1*-(7$>('aV*8$X?F$
V*83+;1*-(7$*(C-+C'A$RZ$-C'.$;$7*(2+'$>1;.2'1?$C;.*;I+'$bKK4c$-.$'M3;++E$A*71.*I31'A$-($19.''$C;.*;I+'7$b444cF$V;8&+*(2$.;1'$
6-(7*A'.'A$ .'7;8&+*(2$ L*19$ 73I&-&3+;1*-(7$ L*19$ ($ `$ SK@$ 4KK$ 7;8&+'7$ &'.$ 7*83+;1*-(F$ \;69$ 'Y&'.*8'(1$ 6-(7*A'.'A$ ;+7-$
C;.*;I+'$&'.6'(1;2'7$>&?$-B$RZ$b4S@$PS@$SS$_c$>0N$`$.;L$I*;7@$=N$`$&'.6'(1$I*;7@$:0$`$6-C'.;2'?F$
!

!

!

!
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!
)*23.'$UF$0'7*A3;+7$&+-17$-B$SKK$7*83+;1*-(7$37*(2$RXG0$7E(19'1*6$A;1;$>+-L$C;.*;I+'$C;+3'7$.'&+;6'A$L*19$RZ$;1$
C;.*;I+'$&'.6'(1;2'$>;?$RZ$`$4S_@$>I?$RZ$`$PS_$;(A$>6?$RZ$`$SS_$.'7&'61*C'+EF$N-Y&+-17$-B$8-A'+$&'.B-.8;(6'$
based on the β regression coefficient estimate$A'.*C'A$B.-8$7E(19'1*6$RXG0$A*71.*I31*-(7$>4KK$7*83+;1*-(7$-B$RZ$
A.;L7$;1$C;.*;I+'$RZ$&'.6'(1;2'$;(A$L*19$;$7;8&+*(2$.;1'$($`$JS?F$G$7*(2+'$C;.*;I+'$CP$>G2&61?$L;7$;8&31'A$1-$
&.-A36'$ RZ<RXG0$ A*71.*I31*-(7$ ;(A$ 73I7'M3'(1+E$ .'&+;6'A$ L*19$ C;+3'7$ -I1;*('A$ B.-8$ S$ A*71*(61$ *8&31;1*-($
8'19-A-+-2*'7$>4<S?$.'7&'61*C'+E$.'&.'7'(1*(2$4$`$(-.8F(-I@$J$`$(-.8F&.'A*61@$P$`$&88@$O$`$8+@$S$`$(-.8F8(;.F!

$
)*23.'$dF$0'7*A3;+7$&+-17$-B$SKK$7*83+;1*-(7$37*(2$RXG0$7E(19'1*6$A;1;$>+-L$C;.*;I+'$C;+3'7$.'&+;6'A$L*19$RZ$;1$
C;.*;I+'$&'.6'(1;2'$>;?$RZ$`$4S_@$>I?$RZ$`$PS_$;(A$>6?$RZ$`$SS_$.'7&'61*C'+EF$N-Y&+-17$-B$8-A'+$&'.B-.8;(6'$
based on the β regression coefficient estimate derived from synthetic MNAR distributions (100 simulations -B$RZ$
A.;L7$;1$C;.*;I+'$RZ$&'.6'(1;2'$;(A$L*19$;$7;8&+*(2$.;1'$($`$4KK?F$G$7*(2+'$C;.*;I+'$CP$>G2&61?$L;7$;8&31'A$1-$
&.-A36'$ RZ<RXG0$ A*71.*I31*-(7$ ;(A$ 73I7'M3'(1+E$ .'&+;6'A$ L*19$ C;+3'7$ -I1;*('A$ B.-8$ S$ A*71*(61$ *8&31;1*-($
8'19-A-+-2*'7$>4<S?$.'7&'61*C'+E$.'&.'7'(1*(2$4$`$(-.8F(-I@$J$`$(-.8F&.'A*61@$P$`$&88@$O$`$8+@$S$`$(-.8F8(;.F!
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$
)*23.'$4KF$:-8&;.;1*C'$+-2*71*6@$6383+;1*C'$A*71.*I31*-($B3(61*-(7$B-.$A*BB'.'(1$&'.6'(1;2'7$-B$RZ$b>;?$4S_@$>I?$
PS_$;(A$ >6?$SS_$ .'7&'61*C'+EcF$ V*Y$ 6383+;1*C'$A*71.*I31*-($ 63.C'7$;.'$&+-11'A$ *($ +-2;.*198$76;+'$ 1-$;++-L$ 19'$
6-8&;.*7-($-B$2.;A'$&.'A*61*-($8-A'+7$.'73+1*(2$B.-8$A*BB'.'(1$*8&31;1*-($71.;1'2*'7$>4$1-$S?$;(A$6-8&;.'A$1-$
19'$6-8&+'1'$ 6;7'7$ B*1$ >-.*2*(;+$ 6-8&+'1'$A;1;@$ .'2.'77*-($8-A'+$T?@$ 19'$'8&*.*6;+$ 6383+;1*C'$A*71.*I31*-($-B$
6-8&+'1'$6;7'7$>\:^)?$*7$;+7-$.'&-.1'A$>.'A$A-17?F$V'+'61'A$“b'71”$8-A'+7$XG0):V$>(-1$;1$.;(A-8$B3++E$6-(A*1*-(;+$
7&'6*B*6;1*-(@$RXG0?$;(A$B-.$19'$+;11'.$;1$SS_$RZ$(-.8F&.'A*61$>71;(A;.A$+*(';.$.'2.'77*-(@$=0\^Z:"$e0?F$

$

$
$

)*23.'$44F$:-8&;.;1*C'$+-2*71*6@$6383+;1*C'$A*71.*I31*-($B3(61*-(7$B-.$A*BB'.'(1$&'.6'(1;2'7$-B$RZ$ b>;?$4S_@$>I?$
PS_@$;(A$>6?$SS_$.'7&'61*C'+EcF$"9.''$63.C'7$;.'$&+-11'A$ *($ +-2;.*198$76;+'$1-$;++-L$19'$6-8&;.*7-($-B$2.;A'$
&.'A*61*-($ 8-A'+7$ .'73+1*(2$ B.-85$ >4?$ +*71L*7'$ A'+'1*-($ -B$ .-L7$ 6-(1;*(*(2$ 8*77*(2$ G2$ A;1;@$ >J?$ 19'$ -&1*8;+$
*8&31;1*-($-I1;*('A$B.-8$';.+*'.$6-8&;.*7-(7@$;(A$>P?$19'$6-8&+'1'$6;7'7$B*1$>-.*2*(;+$6-8&+'1'$A;1;?F$0'+;1*C'$
'8&*.*6;+$A*71.*I31*-(7$>\:^)?$;.'$;+7-$&.'7'(1'A$B-.$6-8&;.*7-(F$$

$

$

!

!
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L 0%)&*))%#/('/0(&#/&$*)%#/)(

!

LC@ .<964F8(6G<6(8G4:DH(M7(9458=H7F7H(E4F(;4H7D(87D796=45(<5H(6G7=F(=;>D=9<6=458(

4E#!/',98!)9L#(8!8E)8!#7#,&#9!/,$7!)!(%$9#,!#@)7'1)8'$1!$/!8E#!,#9+%89!$/!3G!)12!'7L+8)8'$1!9'7+%)8'$19!
'9!8E)8!9#19'8'-'8.!)1)%.9'9!'9!)!1#(#99),.!98#L!VE#1!'7L%#7#18'1&!'7L+8)8'$1!/$,!2)8)!)+&7#18)8'$1!
L+,L$9#!)12!'/!9$%+8'$1!$L8'7'c)8'$1!'9!)!1##2!/$,!8E#!)1)%.9'9!'1!`+#98'$1S!G1!7$98!()9#9C!9#19'8'-'8.!
8#989!V'%%!Q#!L),8!$/!8E#!'7L+8)8'$1!)LL,$)(E!)9!8E#!,#9+%89!),#!E#)-'%.!2#L#12#18!$1!8E#!'1L+8!2)8)!
($19'2#,#2C! 8E+9! 8E#.!7).!V#%%! (E)1&#! '/!V#!($19'2#,! /$,! '198)1(#!2'//#,#18!$,#!2#L$9'8! 98.%#9! 8E)8!
'1E#,#18%.!E)-#!+1'`+#!98)8'98'()%!'18#,($,,#%)8'$19!)12!3G!2'98,'Q+8'$19S!!

G1!L),8'(+%),C!the assessment of the “best” algorithms for imputing grade and tonnage data in UMRA!
V$+%2!Q#!Q#98!8,#)8#2!Q.!($19'2#,'1&!8E#!1+7Q#,!$/!2#L$9'89!:#`+)8'1&!8$!8E#!9)7L%'1&!,)8#! '1!8E#!
9'7+%)8'$19!)12!9E$V'1&!Q,$)2%.!'89!'7L)(8!$1!'7L+8)8'$1!7$2#%!L#,/$,7)1(#<S!0$,!'198)1(#C!'/!0'&+,#9!
Y!)12!A!:V'8E!,#9L#(8'-#%.!Q')9#9!/$,!9)7L%'1&!,)8#9!$/!JF!)12!KII!9.18E#8'(!2#L$9'89<!),#!($7L),#2!'8!
)LL#),9!(%#),!E$V!)!%),&#,!9'7+%)8#2C!9)7L%'1&!L$L+%)8'$1!,#2+(#9!8E#!L#,/$,7)1(#!2'//#,#1(#9!)(,$99!
2'//#,#18!'7L+8)8'$1!)%&$,'8E79S!4E'9!,#9+%8!9+&&#989!8E)8!8E#!(E$'(#!$/!8E#!7#8E$2$%$&.!V'%%!Q#!7$98!
,#%#-)18!VE#1!97)%%!2)8)9#89!:97)%%!1+7Q#,!$/!2#L$9'89<!),#!($19'2#,#2S!!

G1!)22'8'$1C!7$2#%!9#%#(8'$1!)LL#),9!8$!Q#!2#L#12#18!)12!,#`+',#9!)!(%$9#!#-)%+)8'$1!$/!8E#!L,$L$,8'$1!
$/! 3G! L,#9#18! '1! 8E#! 2)8)S! 4E'9! '9! #@#7L%'/'#2! Q.! )! -),')8'$1! '1! 7$2#%! L#,/$,7)1(#9! $Q9#,-#2! '/!
($7L),'1&!'1!Q$8E!0'&+,#9!YC!A!8E#!2'98)1(#9!$/!Q$@!L%$8!7#2')19!/,$7!8E#!($7L%#8#!()9#!/'8!7#2')1!
-)%+#C!VE'(E!V'%%!-),.!2,)7)8'()%%.!V'8E!'1(,#)9'1&!L,$L$,8'$19!$/!3G!:(/S!()9#9!)C!QC!(<S!G1!8E'9!($18#@8C!
'8!'9!)99+7#2!8E)8!%$V#,!3G!L#,(#18)&#9!V$+%2!,#/%#(8!7$,#!,#)9$1)Q%#!7$2#%!L#,/$,7)1(#9C!9'1(#!8E#!
)%&$,'8E79!V$,T!Q#98!'1!8E#9#!9(#1),'$9!VE#,#!8E#!98)8'98'()%!($,,#%)8'$19!),#!L),8%.!L,#9#,-#2!'1!8E#!
2)8)S!!

O1$8E#,! '7L$,8)18! )9L#(8! '9! 8$! &)'1! )1! +12#,98)12'1&! $/!3G! 2'98,'Q+8'$19!V'8E! ,#9L#(8! 8$! '18#,1)%!
:3MO5<!)12!#@8#,1)%!-),')Q%#!2#L#12#1(.!:3O5<S!4E#!'2#)%!V$,T/%$V!V'%%!8E#1!#@)7'1#!8E#!#@'98'1&!
2)8)! ($,,#%)8'$19C! )12! 8E#! )Q+12)1(#! )12! (,$99H-),')Q%#! 2'98,'Q+8'$1! $/! 7'99'1&! '1/$,7)8'$1! V'8E!
,#9L#(8! 8$! '18#,1)%! )12! #@8#,1)%! )99$(')8'$19S! G1! 8E#! _E+&)(E! 2#L$9'8! 2)8)C! V#! $Q9#,-#2! V#)T!
($,,#%)8'$19! Q#8V##1! O&! )12! O+! 2)8)! :=#),9$1! ($,,#%)8'$1! g! IS\]<!V'8E!7'99'1&! '1/$,7)8'$1! Q#'1&!
%'7'8#2!8$!8E#!O&!-),')Q%#!)12!E)-'1&!3G!'1!7$98!()9#9!$((+,,'1&!'1!%$V#,!8$11)&#9C!'12'()8'1&!)!L$99'Q%#!
%'1T!$/!3G!8$!L,$f#(8!7)8+,'8.!$,!2#L$9'8!9'c#C!9+&&#98'1&!)8!)!7'1'7+7!)!3O5!8.L#!3G!2'98,'Q+8'$1S!
0+,8E#,!8$!8E'9C!)99+7L8'$19!2'9(+99#2!'1!0'&+,#!B!VE'(E!V$+%2!'12'()8#!+12#,#98'7)8'$1!Q')9!2+#!8$!
9)7L%'1&! ($1(#18,)8'$1! '1! 2$7)'19! 8E)8! ),#! /)-$,)Q%#! 8$! O+! #12$V7#18! %#2! 8$! ($19'2#,! 8E#!
2'98,'Q+8'$1!$/!3G! '1!O&!&,)2#!2)8)!%'T#%.!8$!Q#!Q#98!,#L,#9#18#2!'1!8E#!3MO5!8.L#! '1($7L%#8#1#99S!
4E#9#!($19'2#,)8'$19!),#!-)%+)Q%#! '1!8E#!9#%#(8'$1!$/! '7L+8)8'$1!7$2#%9!)(($+18'1&!/$,!8E#!9L#('/'(!
8.L#! $/! 3MO5! 2'98,'Q+8'$19! )12! %#2! 8$! ($7L),'9$19! (),,'#2! $+8! +9'1&! 8E#! 71),S1$,7! #@8#19'$1!
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